Cereal Chem. 86(3):274-280 Understanding the influences of amylose and protein contents on rice sensory properties is key to maintaining quality and providing consumers with rice with desired flavor and textural attributes. This research focused on delineating the effects of nitrogen nutrition on cooked rice texture and flavor. The sensory properties of cultivars grown in adjoining fields with differing rates of nitrogen fertilizer (to yield grains with a large spread in protein contents) were measured by a panel trained in descriptive analysis. Second. rice sensory properties were modeled using apparent amylose and protein data. Fertilizer level affected protein and apparent amylose contents and, in turn, cooked rice texture. Protein contents were signifiStarch, which comprises 90% of the dry grain, is widely considered to be the primary determinant of the texture of cooked rice. As a result, extensive research has been conducted examining the effects of starch on texture in regards to amylose content (Juliano et al 1964; Juliano 1972) Measuring the contributions of protein to the sensory properties of cooked rice is challenging because of the confounding effects of amylose. Observed sensory differences in cultivars with the same or similar amylose contents and differing protein contents may not be due entirely to protein because, as stated above, starch solubility and structure can differ among the cultivars and influence properties independently of or interactively with protein.
Starch, which comprises 90% of the dry grain, is widely considered to be the primary determinant of the texture of cooked rice. As a result, extensive research has been conducted examining the effects of starch on texture in regards to amylose content (Juliano et al 1964; Juliano 1972) , solubility of amylose (Bhattacharya and Sowhhagya 1971) , fine structure of amylopectin (Reddy et al 1993; Ong et at 1994; Reddy et at 1994 : Ong and Btanshard 1995 : Hanashiro et at 1996 Ramesh et at 1999) , gelatinization and melting temperatures of amorphous and crystalline regions of amylopectin (Slade and Levine 1988: Umemoto and Aoki 2005; Waters et al 2006) , and structure of starch granules after heating (Tsai et al 1997; Kasai et al 2005) . Instrumental techniques (texture analyzers, Rapid Visco Analyser LRVAI) (Champagne et al 1999; Mizukami and Takeda 2000; Takahashi et al 2002; Fitzgerald et al 2003: Cameron and Wang 2005; Derycke et al 2005; Wada et at 2006; Suwannaporn and Linnemann 2008) and human sensory panels (Lyon et al 1999; Champagne et al 2001 Champagne et al , 2004 have been employed to associate these measures of starch to cooked rice texture.
Although starch has received a high level of attention, some has been given to the influences of protein content on cooked rice texture (Primo et a] 1962; Onate et al 1964; Juliano 1972; Yanase et al 1984; Tamaki et al 1989; Hamaker and Griffin 1990; Okadome et at 1999; Champagne et al 2001 : Martin and Fitzgerald 2002 : Derycke ci at 2005 : Sateh and Meutlenet 2007 Xie et al 2008) and flavor (Onate et al 1964 : Juliano et al 1965 2001 : Champagne et at 2004 : Champagne et at . 2007 . Measuring the contributions of protein to the sensory properties of cooked rice is challenging because of the confounding effects of amylose. Observed sensory differences in cultivars with the same or similar amylose contents and differing protein contents may not be due entirely to protein because, as stated above, starch solubility and structure can differ among the cultivars and influence properties independently of or interactively with protein.
One approach researchers have followed to gain insight into how protein content contributes to rice texture has been to oh-cantly higher (P < 0.0007) and apparent amylose contents were significantly lower (P < 0.0001) at the higher fertilizer level. Models revealed a negative correlation of protein content with initial starchy coating, slickness, and stickiness between grains-three attributes that are perceived when cooked rice is first introduced into the mouth. Models for roughness, hardness, and moisture absorption-attributes representing three phases of evaluation in the mouth-showed a positive correlation with protein content. The models provide insight into the magnitude of change in protein content that is likely required to observe textural changes in cooked rice.
serve changes in the RVA curve following disruption of protein structure with reducing agents (Hamaker and Griffin 1990, 1993; Derycke ci al 2005 : Xie et at 2008 or decomposition with protease (Fitzgerald et at 2003; Saleh and Mcullenet 2007; Xie et al 2008) . Another approach has been to compare the sensory properties of cultivars grown in adjoining fields with differing rates of nitrogen fertilizer (Yanase et al 1984 : Tamaki et al 1989 Champagne et al 2007) . If arnylose contents (and presumably starch solubility and structure) arc not affected by fertilization rate, sensory differences can he ascribed to increased protein content with increased rate of fertilization. Following this approach, Yanase et al (1984) found a negative correlation (r = -0.561) between instrumental adhesiveness and protein content in cooked brown rice. Likewise, using a texturoirteter, Tamaki et at (1989) found the chewiness of cooked rice increased linearly with increase in protein content. In a recent study by Champagne et a! (2007) , the flavor and texture of five diverse cuttivars grown conventionally with 50 or 100% of the typically used nitrogen rate or organically with chicken titter were compared. Apparent amytose contents of cuttivars did not differ significantly (P> 0.05) with fertilizer input or management method. The samples with low protein (mean 7.7% with organic management; 7.5% with 50% N rate) did not differ in aroma or flavor from those with higher protein (mean 9.2% with 100% N rate). Slickness, which correlated negatively with protein content, was significantly (P < 0.05) lower at the 100% N rate. Roughness and hardness, reported to have a weak, positive correlation with protein content (Primo ci al 1962; Champagne ci al 1999) , were significantly (P < 0.05) higher in some cultivars at the higher N rate. Perhaps the small differences in protein content did not enable strong conclusions to he drawn from this work.
The objective of the present study was to determine the effects of nitrogen nutrition on protein and amylose contents of rice, and then oil rice flavor and texture, as measured by a descriptive sensory panel, using a range of indica cultivars. The cultivars were grown with N rates designed to maximize the difference in protein contents which would allow sensory panelists to discriminate more readily between sensory properties affected by protein.
The second aim was to model rice sensory properties using the apparent amytose and protein data.
MATERIALS AND METHODS

Rice Samples
Six cultivars were grown at the International Rice Research Institute (IRRI, Los Baños. Philippines) in the dry season of 2007 in two locations on the farm, in split-plot arrangement with four replicates. Each cultivar was grown in a plot of 3 x 5 in. Seeds were sown in December 2006 and seedlings were transplanted in January 2007. Plants were grown with adequate moisture provided by intermittent irrigation. Complete fertilizer was applied to the high-input main plots before transplanting at the rate of N-P-K at 340-55-375 kg/ha, and no fertilizer was applied to the lowinput main plots. The cultivars were Basmati 370, JR 60, IR 71137-243. lR 72. IR 8, and IR 841-85. Plots were harvested as they approached 18-1 1 % field grain moisture and the rice was dried and stored. After two months of storage, for equilibration of moisture content, samples (I .5 kg) were dehulled (Otake FCY4 Dehusker) and milled for I mm (Grainman 65-220-60-3PH) to achieve a degree of milling of 10-12%. Samples of each cultivar and nitrogen treatment pooled at each field were shipped by courier to the United States Department of Agriculture-Agricultural Research Service (USDA-ARS) Southern Regional Research Center (New Orleans. LA) for sensory and protein analyses.
Chemical Analyses
Apparent amylose content was determined by the simplified iodine method using the AutoAnalyser 3 (Bran Luebbe. Germany) (Juliano 1971 ) on each of the four field replicates at both locations. Apparent amylose content is determined based oil standard curve constructed from cultivars with known absorbance at 600 nm. Protein contents (N x 5.95) were determined in duplicate on pooled samples from each field by the combustion method on a nitrogen deterininator (FP-428; Leco. St. Joseph. Ml).
Sample Preparation for Sensory Analyses
Portions of white rice (600 g) were rinsed by covering the rice three times with cold water followed by straining to remove excess water. After rinsing, the samples were transferred to preweighed rice cooker insert howls and water was added to give a rice-to-water weight ratio of 1:1.4 for IR 71137-2 and IR 841-85: 1:1.5 for Basniati 370: and 1:1.6 for IR 60. 1R72, and JR 8. The rice-to-water weight ratios were based on apparent amylose content and gelatinization temperature type. The rice was soaked for 30 min and then cooked in a 10-cup rice cooker-steamer (Breville RC19XL) to completion, followed by a 10-inin holding period. Samples were taken from the cookers as described by Champagne et al (1999) . Cooking was staggered so that samples were analyzed at 20-min intervals.
Sensory Evaluation Protocol
Seven panelists trained in the principles and concepts of descriptive sensory analysis (Meilgaard et al 2007) participated in the study. The rice flavor lexicon included eight unique flavor attributes which were determined by smelling and evaluation in the mouth (Goodwin et al 1996) (Fig. 1) . The intensities were scored based on a universal scale for all foods (Meilgaard et al 2007) : the maximum rating for rice flavor attributes is generally 5. The lexicon for rice texture used by the panel was based on that developed by Lyon et al (1999) and Goodwin et al (1996) and is described in Fig. 2 . The sensory texture profile used by the panelists included 10 attributes that described rice texture at different phases of sensory evaluation, beginning with the feel of the rice when it was first placed in the mouth and ending with the rice being swallowed. Each sample was presented to the panelists twice, in separate sessions, following a randomized design. The details of the procedure followed for presenting samples and standard (warm-up sample of commercial long-grain rice) to panelists at each session are described by Champagne et al (1999) .
Statistical Analyses
Linear mixed models were used to determine whether or not the two levels (low and high) of nitrogen fertilizer differed in their effects oil intensities of the flavor and texture attributes of the rice samples. The flavor and texture attributes served as the outcome or dependent variables in the models. Explanatory or design variables used in the models included nitrogen fertilizer level (low and high). location (I and 2), sensory testing session (1 and 2). An immediate and distinct pungent aromatic in the flavor characterized as sulfurlike and generic animal. Animal aromatic in the flavor call sometimes he identified as "piggy".
• general term used to describe the aromatics in the flavor associated with grains such as corn, oats and wheat. An overall grainy impression characterized as sweet, brown. sometimes dusty, and sometimes generic nutty or starchy.
• dry, dusty, slightly brown aroma/flavor with a possible trace of musty.
• dry. dusty. slightly toasted and slightly sweet aromatic in the flavor that can be specifically identified as popcorn. The sweet aromatics of the combination of corn kernels, corn milk, and corn germ found in canned yellosv creamed-style corn. A sweet impression such as cotton candy, caramel, or sweet fruit y that may appear in the aroma and or aromatics. Aromatics and mouthfeet of the minerals and metals commonly associated with tap water. This excludes any chlorine aromatics that may be perceived. Basic sweet taste associated with sugar. 
Definition
Place 6-7 grains of rice in mouth behind front teeth. Press tongue over surface and evaluate. Amount of paste-like thickness perceived on the product before mixing with saliva (three passes). Maximum ease of passing tongue over the rice surface when saliva starts to mix with sample. Amount of irregularities in the surface of the product. Degree to which kernels adhere to lips. Degree to which the kernels adhere to each other. Place 1/2 teaspoon of rice in mouth. Evaluate before or at first bite.
Degree grains return to original shape after partial compression Force required to bite through the sample with the molars. Evaluate during chew.
Maximum degree to which the sample holds together in a mass while chewing. Number of chews required to prepare sample for swallowing. Amount of saliva absorbed by sample during chewing. Fig. 2 . Sensory descriptive texture attributes and definitions used to evaluate cooked rice texture.
iancil\t. ss inch was modeled as a block random effect. A simple diagonal covariance structure was used to allow for a different variance component for each panelist. Outcome variables were modeled using a normal distribution after visual inspection of their distributions revealed relatively symmetric distributions with little to moderate skewness. The estimation method used was restricted maximum likelihood. For models with significant fertilizer effects, least squares mean differences (high-low) between he two fertilizer levels were computed along with 95% confidence intervals.
Of additional interest were the effects of protein and apparent amylose on the flavor and texture attribute intensities. Models omilar to those described above were used to test for associations among these variables with some changes. Protein level (continuous measure) replaced nitrogen fertilizer level because nitrogen ognificantly increases protein levels in rice (Tamaki et al 1989) . Selection of specific flavor and texture attributes to use in these analyses was based on Pearson correlation coefficients and results of the nitrogen fertilizer models. That is, if protein or apparent arnylose was significantly correlated with a flavor or texture measure, or if there was a significant difference between high and low nitrogen fertilizer levels for the flavor or texture measure, then the measure was used as an outcome variable in these models. All statistical analyses were performed using software (v.9.1 or 9.2: SAS Institute, Cary. NC). Results were considered significant at the 0.05 level
RESULTS AND DISCUSSION
Fertilizer Level and Cooked Rice Flavor and Texture
The study included six different rice cultivars at low and high nitrogen fertilizer levels that were evaluated for eight flavor or taste and 10 texture attributes. Although the models included main effects for other design variables (field, sensory testing session, rice cultivar, and panelist), only the results for the nitrogen fertilizer levels will be discussed because they were the main interest of this study. Results from the linear mixed models testing for significant fertilizer effects revealed that only one flavor or taste attribute differed in intensity between fertilizer levels (Table I) . Sweet taste ratings were significantly lower in the high fertilizer group compared with the low group (P = 0.0464). However, six texture attribute intensities were significantly different between fertilizer levels. Intensity ratings for initial starchy coating, slickness, and stickiness between grains were significantly lower in the high fertilizer group compared with the low group (P = 0.0038. < 0.0001. and < 0.0001, respectively). Intensity ratings for roughness, hardness, and moisture absorption were significantly larger in the high fertilizer group compared with the low group (P < 0.000 1, 0.00 13, and 0.0247. respectively).
Fertilizer Level and Protein and Apparent Amylose Contents
Protein and apparent amylose contents of the six cultivars at the two feriiiiicr Ic\ ek arc hosvn in both protein and apparent amylose contents. Interestingly, the protein content of the low nitrogen treatment was within normal ranges of 6-7.5% (Shih 2004) for almost all cultivars. For each cultivar, protein contents were significantly (P < 0.0007) higher at the higher fertilizer level, whereas apparent amylose contents were significantly lower (P < 0.0001). This suggests that protein synthesis is a stronger sink than starch synthesis, which is consistent with data indicating that mechanisms within the endosperm exist to partition the supplied substrates toward the maintenance of protein synthesis at the expense of starch production (Ernes et al 2003) .
It is well documented that the protein content of rice is influenced by time and rate of nitrogen fertilizer application and type of fertilizer used (Sturgis and Reed 1937: Patrick et at 1974; Souza et al 1993 : Islam et al 1996 Perez et al 1996) , and that different rates of N fertilizer affect only the amount of the glutelin fraction of the rice (Cagampang et at 1966) . Grain protein is derived mainly from mobilization of endogenous sources of nitrogen (Perez et at 1973) . In agreement with the observation here, a decrease in apparent amylose content has been observed concurrent with an increase in protein content with nitrogen application (Prakash et at 2002) . However, in other studies (Ahmad and Chughtai 1982; Tamaki et al 1989 : Champagne Ct at 2007 , fertilizer levels did not have an effect on apparent amylose content, perhaps because the impact of nitrogen nutrition was greater in the present study. Prakash Ct at (2002) observed a negative and significant correlation (r = -0.95) between amylose and protein contents in grains. In the present study. a negative (r = -0.39) and insignificant (P = 0.0759) correlation was observed between these two components.
Correlations Between Sensory Attributes and Protein and Apparent Amylose
Correlations between the 18 flavor and texture attributes and protein revealed four significant associations (Table III) . Protein was negatively correlated with slickness (r = -0.74) and stickiness between grains (r = -0.55) and positively correlated with roughness (r = 0.83) and moisture absorption (r = 0.44).
Correlations between the sensory attributes and apparent amylose indicated three significant associations (Table III) . Stickiness to lips (r = -0.76) and cohesiveness of mass (r = -0.70) were negatively correlated with apparent amylose, whereas hardness (r = 0.49) was positively correlated. The positive and negative relationships observed here for apparent amylose and protein are in agreement with those reported in earlier studies (Champagne et at 2001 (Champagne et at , 2004 (Champagne et at , 2007 .
Nitrogen Fertilization increases the proportion of storage proteins which are located in protein bodies concentrated in the outer cell layers of the endosperm, but only the concentration of gluteliii. the major storage protein, increases with N nutrition (Cagampang et at 1966) . Storage proteins in cereal grains begin to hydrate at temperatures just below that of the temperature at which amylopectin begins to gelatinize (Matveev et at 2000) . Hydration of proteins can account for as much as 40% of water uptake (Bushuk 1998) . Thus, for grains grown with the high N treatment, the increase in the number of protein bodies in the outer layers of the endosperm, presumably not the aleurone layers which would have been removed in milling, could cause additional swelling and different partitioning of the water between protein and starch. This could, in turn, affect the sensory properties associated with the feel of the unehewed, cooked grain.
Sweet taste, which was significantly lower at the high fertilizer level compared with the low level, was not significantly correlated with apparent amylose or protein content. Other studies have found sweet taste to be negatively correlated with protein content (Park et at 2001 : Champagne et at 2004 . Most of the N delivered to endosperms for protein synthesis is in the form of asparagine, glutamate. and glutamine, and the carbon is in the form of sucrose (Sung et al 1989 : Zhang et at 2005 . Thus, the first process of protein synthesis within the endosperm is to synthesize the suite of amino acids required from the substrates of carbon and nitrogen supplied. The first process of starch synthesis is to metabolize the sucrose to glucose (Sung et at 1989) , and the twofold increase in protein content (Table II) indicates that N fertilizer alters the relative balance of starch and protein synthesis in the grain. Presumably, this change alters the regulation of the delivery and metabolism of those substrates. Glutamine is slightly sweet and sucrose is very sweet. Such changes to the delivery and metabolism of these substrates is a likely explanation for the observation of altered sweetness of the mature grain due to N nutrition.
Modeling Sensory Attributes Using Protein and Apparent Aniylose Contents
Selected sensory attributes were modeled using protein and apparent amylose contents, singularly and together, to gain insight into how composition affects affects the flavor and texture of cooked rice. Based on the results from the fertilizer models and correlation analyses. the flavor and texture measures used as outcome variables in the protein and apparent amylose models were sweet taste, initial starchy coating, slickness, roughness, stickiness to lips, stickiness between grains, hardness, cohesiveness of mass, and moisture absorption. The models took into account the variability in the design variables (location, sensory testing session, (ultivar, and panelist). The models for roughness, stickiness between grains, and hardness revealed significant protein effects when both protein and amylose were included in the models (Table IV) . Amylose, however, did not contribute significantly to these models and the magnitude of significance for protein increased when amylose was removed from the models. Without amylose, six attribute models revealed significant protein effects. Initial starchy coating, slickness, and stickiness between grains were negatively affected by protein. Roughness, hardness, and moisture absorption were positively affected by protein. These results indicate that, as protein increases by one unit, the roughness, hardness, and moisture absorption ratings increase by 0.26, 0.06, and 0.05 units, respectively. One unit increase in protein would also result in initial starchy coating, slickness, and stickiness between grains decreasing by -0.05. -0.15, and -0.10, respectively. All of these sensory properties can be explained by an increased requirement for water by grains with higher concentrations of protein bodies (Fitzgerald et al 2003) . The calculated and measured changes in attribute intensity values are shown in Table V with the 5.2% increase in protein observed in this study (Table II) .
One model revealed a significant apparent amylose effect when protein was removed (Table IV) . Hardness was negatively affected by apparent amylose. These results indicate that, as apparent amylose increases by one unit, the hardness rating decreases by 0.12 units. This finding is both counterintuitive and inconsistent with other reports (Ong and Blanshard 1995; Juliano and Hicks 1996; Champagne et al 2001 Champagne et al , 2004 Champagne et al , 2007 Fitzgerald 2004) , and suggests interesting implications of protein. In most cultivars used in this study, apparent amylose content was 2% lower and protein content was 5-6% higher in grains from the high N treatment (Table 11) . Perhaps, at higher protein content, the availability of water for the complete gelatinization of the starch was restricted (Bushuk 1998 : Fitzgerald et al 2003 , leading to limier texture and overriding the softening effect generally found with decreasing amylose. However, the unexpected relationship between amylose and hardness should be interpreted cautiously because it could also he explained by the high degree of colinearity present among the model's explanatory variables: specifically, that between aniylose and cultivar (variance inflation factor = 10.0). Therefore, the model may not be appropriate for determining the effects of amylose on hardness in the presence of cultivar effects.
CONCLUSIONS
Fertilizer level affected protein and apparent amylose contents and, in turn, cooked rice texture as measured by a descriptive sensory panel. Protein contents were significantly higher and apparent amylose contents were significantly lower at the higher fertilizer level. Models revealed a negative correlation between protein content and initial starchy coating, slickness, and stickiness between grains. These are attributes perceived when the rice is first placed in the mouth. Models for roughness, hardness, and moisture absorption-attributes representing three phases of evaluation in the mouth-showed a positive correlation with protein content. As modeled, one unit (1%) increase in protein content results in very small changes in hardness (0.06), moisture absorption (0.05), and initial starchy coating (-0.05): small change in stickiness between grains (-0.10) and slickness (-0.15); and a notably larger change in roughness (0.26). Based on our experience and the results of this and previous studies (Champagne et al 2004 (Champagne et al . 2007 ), the trained panelists can detect a 0.2 difference in intensity of attributes. Therefore, the trained panelists would probably observe a protein effect on texture with a 1 % difference in protein content for roughness and possibly observe a difference in slickness. Detection of differences in stickiness between grains would probably require a 2% difference in protein content. It is unlikely that a trained panelist would observe differences in other textural attributes with <4% difference in protein contents. The models of this study are useful for providing insight into the magnitude of change in protein content that is likely required to observe textural changes in the cooked rice. The increases in protein contents (mean 5.2%) with high rate of N fertilization were large enough to allow protein effects on texture to be observed and modeled even though there were concurrent decreases in apparent amylose contents. Protein effects were larger than apparent amylose effects on texture with rate of fertilization. Apparent amylose could only explain the variability present in one texture attribute, hardness, when incorporating the design variables of the experiment. The wide range of apparent aniylose contents of the cultivars in this study (20-29%) drove textural differences observed among cultivars. whereas the large difference in protein content (mean 5.2%) drove textural differences with fertilization rate. Sweet taste, which was lower at the high fertilizer level, was the only flavor or taste attribute to differ significantly in intensity between fertilizer levels. It did not correlate significantly to protein or apparent amylose content and could not be modeled by these components.
